stunt virus (TBSV) and Lettuce necrotic stunt virus (LNSV) (Obermeier et al., 2001) . Previous studies have provided no evidence that either chemical treatment or rotation with nonhost crops can effectively reduce, remove, or destroy the virus in infested soil (Wintermantel and Anchieta, 2003) ; therefore, genetic resistance remains the only option for disease control.
Lettuce resistance to the disease is coded by a single dominant gene (Tvrl) that is positioned on molecular linkage group 2 (Grube et al., 2005; Simko et al., 2009) . Three romaine-type breeding lines with resistance to the disease were previously released by the USDA-ARS in Salinas, CA (Grube and Ryder, 2003) . All three breeding lines (01-778M, 01-781M, and 01-789M) were derived from a primitive romainetype accession, PI 491224, that has complete resistance to dieback. However, our recent observations show that PI 491224 and all three breeding lines derived from this accession have a very short shelf life after processing into fresh-cut salad. Similarly, feedback from the lettuce industry also indicates that recently developed romaine cultivars with resistance to dieback quickly decay when processed for salad (Hayes and Liu, 2008) . Therefore, our breeding program has focused on developing breeding lines with resistance to dieback as well as having acceptable shelf life when processed into salad.
Origin
SM09A (F 8 ) breeding line was selected from a cross between 'Green Towers' x ('Darkland' x PI 491224), whereas SM09B (F 8 ) originated from a cross between 'Darkland' and PI 491224. The dieback resistance in both breeding lines is derived from PI 491224, which is a primitive, romaine-type lettuce accession collected in Greece that is not used for commercial production in the United States. 'Green Towers' is a large and tall romaine cultivar with an erect habit and intense dark green color developed by Harris Moran Seed Co. (Modesto, CA) (COMPOSITdb, 2009) . 'Darkland' is a romaine cultivar with a strong bolting tolerance, smooth midribs, and very dark green color (COMPOSITdb, 2009) . 'Darkland' was developed by Central Valley Seeds, Inc. (Salinas, CA). The shelf life of 'Green Towers' and 'Darkland' is acceptable to the industry; however, both cultivars are highly susceptible to the dieback disease. SM09A and SM09B were developed by selecting for resistance to dieback disease and horticultural characteristics in experiments conducted in TBSV-and LNSVinfested field sites. Using this approach, single plant selections were made through seven generations of self-pollinations.
Description and Performance
Assessment of disease resistance, shelf life, and horticultural characteristics. In 2008 and 2009, resistance to dieback was evaluated in SM09A; SM09B; parental materials ('Darkland', 'Green Towers', and PI 491224); previously released dieback-resistant breeding lines 01-778M, 01-781M, 01-789M; recently developed romaine-type cultivars resistant to dieback ('Bandit', 'Defender', and 'Triple Threat'); and green romaine cultivars ('Clemente', 'Heart's Delight', 'Parris Island Cos', and 'Valmaine') susceptible to the disease. The breeding lines were in the FV and Fg generations, respectively. Both trials were maintained using standard cultural practices for Salinas Valley lettuce production. Resistance to the disease was assessed weekly to discriminate between plants dying from dieback and those from unrelated causes. The proportion of plants that showed typical dieback symptoms (or plants dead owing to dieback) was recorded at harvest maturity. At the same time, two additional trials were performed in a field where dieback disease was not observed. Plants from these experiments were harvested at market maturity, analyzed for horticultural traits, processed for salad, and stored in controlled conditions (Hayes and Liu, 2008) . Tissue decay in storage was visually evaluated on a scale of 1 to 5, in which 1 is no obvious decay, whereas 5 indicates total (or close to total) decay of all tissue after 28 d. Separate trials were set up to evaluate resistance or expression of symptoms to downy mildew (caused by Bremia lactucae), verticillium wilt (caused by Verticillium dahliaeracQ 1), lettuce drop (caused by Sclerotinia minor), big vein (caused by Mirafiori lettuce big-vein virus), and tipburn (physiological disorder) (Davis et al., 1997) . Data were analyzed using JMP 6.0.3 (SAS Institute, Gary, NC) and Tukey's honestly significant difference test.
Disease resistance. All plants of SM09A, SM09B, PI 491224, 01-778M, 01-781M, 01-789M, 'Bandit', 'Defender', and 'Triple Threat' were free from dieback symptoms during both years. The average disease incidence for 'Darkland' and 'Green Towers' was 0.78 and 0.82, respectively (Table 1) . Both breeding lines displayed typical symptoms of downy mildew, lettuce drop, tipburn, verticillium wilt, and big vein. Reaction of SM09A and SM09B to downy mildew, lettuce drop, and tipburn was not statistically different from those observed for 'Darkland' and 'Green Towers'. SM09A and SM09B were susceptible to verticillium wilt (race 1), having significantly more disease than the known resistant cultivar Defender (Hayes et al., 2007) . Based on a single field experiment, SM09A and SM09B appear to have an intermediate level of resistance to big vein. However, given the extensive genotype x environment interaction for big vein resistance (Ryder and Robinson, 1995) , further testing would be needed to confirm this observation. Molecular marker analysis revealed that both breeding lines and parental material carry the Mol allele (Simko, unpublished results) that confers susceptibility to Lettuce Mosaic Virus (LMV) (Nicaise et al., 2003) . This confirms earlier greenhouse testing, which revealed that 'Darkland' and 'Green Towers' are susceptible to LMV, whereas PI 491224 is either susceptible or segregates for reaction to the disease (E.
Ryder, personal communication).
Shelf life. The average values of tissue decay when testing for shelf life were 2.3 for SM09A and 2.7 for SM09B (Table 2) . Overall, the two breeding lines performed significantly (P < 0.05) better than the other dieback-resistant accessions (with the exception of 'Defender') and were not significantly worse than dieback-susceptible cultivars.
Morphological description and horticultural characteristics. Both SM09A and SM09B produce closed heads of acceptable size with a core length ?^20% longer and with 10% more leaves than cvs. Darkland and Green Towers (Table 2 ). SM09A is light green, whereas SM09B has a medium green color. Limited testing for yield indicates that the proportion of harvestable heads (0.92 for SM09A and 0.70 for SM09B) is similar to other romaine cultivars (with the exception of 'Bandit').
Molecular marker analysis. Both breeding lines and parental material were analyzed with the molecular marker that can be used for marker-assisted selection of resistance to lettuce dieback. Cntgl0192 is a molecular marker closely linked to Tvrl, a single dominant gene for resistance to dieback (Simko et al., 2009) . Three haplotypes of Cntgl0192 (Rl, R2, and R3) are always associated with resistance to the disease, whereas the SI haplotype is associated with susceptibility (Simko et al., 2009; in press ). Molecular marker analysis agrees with phenotypic observations: the presence of the SI allele in susceptible cvs. Darkland and Green Towers and R2 allele in resistant genotypes SM09A, SM09B, and PI 491224. This confirms that both breeding lines inherited resistance to lettuce dieback from PI 491224. Resistance was visually evaluated on a scale of 1 to 5, in which 1 is no obvious symptoms, whereas 5 indicates severe infection. x Means within a column followed by different letters are significantly different at P < 0.05. Dash indicates that the material was not tested. TBSV = tomato bushy stunt virus (dieback); DM = downy mildew; TB = tipburn; LD = lettuce drop; VW = verticillium wilt; BV = big vein. y The rate of tissue decay was visually evaluated on a scale of 1 to 5, in which 1 is no obvious decay, whereas 5 indicates total (or close to total) decay of all tissue. x Means within a column followed by different letters are significantly different at P < 0.05. Dash indicates that the material was not tested. S-L = shelf life.
Availability
Limited samples of seeds are available for distribution to all interested parties for research purposes, including the development and commercialization of new cultivars. Samples are also deposited in the National Plant Germplasm System under numbers PI 658678 and PI 658679. It is requested that appropriate recognition be made if the breeding lines contribute to research or the development of new germplasm, breeding lines, or cultivars. Written requests should be sent to the first author.
